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Abstract 

We derive the entropic force in the presence of the Schwarzschild black hole by using 
the local equipartition rule and holographic principle. On the other hand, when using the 
Tolman temperature, one does not arrive at the Newtonian force law. 
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1 Introduction 



Recently, Verlinde has proposed the Newtonian law of gravity as an entropic force by 
using the holographic principle and the equipartition rule [TJ. After released his work, 
the dynamics of apparent horizon in the Friedmann- Robert son- Walker universe [2], the 
Friedmann equations [2111], the connection in the loop quantum gravity [5], holographic 
actions for black hole entropy [6], and application to holographic dark energy [7] were 
considered from the entropic force. Furthermore, cosmological implications were reported 
in [HI El [101 [HI [121 Q3] , an d the extension to Coulomb force [H] and the symmetry aspect 
of entropy force [TJ] were investigated. 

Explicitly, when a test particle with mass m is located near a holographic screen with 
distance Ax, the change of entropy on the holographic screen takes the form 

AS = 2nmAx (1) 

in the natural units of h = c = ks = 1 and G = Considering that the entropy 
of a system depends on the distance Ax, an entropic force F could be arisen from the 
thermodynamical conjugate of the distance 

FAx = TAS (2) 

which is regarded as an indication that the first law of thermodynamics is satisfied on the 
holographic screen. Plugging (pQ) into ([2]) leads to a connection between entropic force 
and temperature 

F = 2nmT. (3) 

Let us assume that the energy E is distributed on the spherical shape of holographic 
screen with radius R, where the mass M is located at the origin of coordinate. Then, 
we introduce the equipartition rule, the equality of energy and mass, and the holographic 
principle, respectively, as 

1 A 

E = -NT, E = M, N = — = AS (4) 

2 Gr 

with the area of the holographic screen A = AnR 2 . These are combined to provide the 
temperature on the screen 

27^ ^ 

Substituting (J5]) into (jSj), one obtains the Newtonian force law as the entropic force 

^ GmM 

(6) 
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In this work, we will derive the entropic force by replacing the mass M by the 
Schwarzschild black hole with mass M as 

ds 2 Sch = g^dx»dx u = -(l - ^^)dt 2 + ^ dr 2GM ^ + r 2 dnj. (7) 

Here the even horizon (EH) is located at r = Teh — 2GM whose horizon area is given by 
A EH = 4-7rr| H . 



2 Entropic force in the presence of black hole 

It is well known that in the presence of the black hole, we may introduce the local temper- 
ature (Tolman temperature) and the local energy on the holographic screen. Now let us 
first introduce the Tolman redshift transformation on the black hole system [16] . In gen- 
eral, the local temperature observed by an observer at r > r EH outside the Schwarzschild 
black hole is defined by [T7] 

Too 1 1 

TL(r) = 7=^ = SttG'M _ 2_gm (8) 

where 

T °° = 8^GM = 4^ = Th (9) 



is the Hawking temperature Th measured at infinity and the denominator of \J—gtt is the 
red-shifted factor. On the holographic screen at r = teh + ^i/^eh near the event horizon, 
this local temperature is given by T = l/8irl p i which is independent of the black hole mass 
M [IB]- On the other hand, for r ^> Tehi it reduces to the Hawking temperature Th- 
Similarly, the local energy is given by 

Mr) = ^= (10) 
where the energy observed at infinity is the ADM mass M 

E ^ = M = r -§§- ( n ) 

Eq.f llOp states clearly the UV/IR scaling transformation (Tolman redshift transformation) 
of the energy between the bulk and the holographic screen. On the holographic screen 
near the horizon, we have E l {t E h + \ 2 v il r Eu) oc A E h [IS]- 

However, it is very important to note that there is no difference between the local 
black hole entropy Sl near the horizon and the entropy at infinity: 

Sl = Trr EH = Soo, (12) 
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which is surely the Bekenstein-Hawking entropy for the Schwarzschild black hole. That 
is, the black hole entropy is invariant under the UV/IR transformation. 

Now we are in a position to derive the entropic force on the holographic screen in the 
presence of Schwarzschild black hole. To this end, we propose the local equipartition rule 

E L (r) = 2S,s(r)T s (r), (13) 

where the entropy Ss is defined on the holographic screen located at r > teh 

ttt 2 

Ss(r) = — . (14) 

Then, the temperature on the screen is given by 

GM 
2nr 2 y/-g tt 



T s {r) = — (15) 



Plugging ( Fl5|) into (EJ), we obtain the entropic force as 



1 GmM , , 

Fbh = 2irmT s (r) = — 16 

1 1 _ t eh r 2 



which shows that the mass m feels an infinitely tidal force in the limit of r — > teh, while 
it takes the Newtonian force law at the large distance of r ^> Teh- This is our main result. 

On the other hand, the temperature Ts(r) on the screen becomes the local temperature 
T L {r) in (jSj) when using the Bekenstein-Hawking entropy f|T2l) for ffTB"]) . In this case, Eq.Q 
takes a different form 

F =^w = 4gs7n^=' (17) 

which is nothing to do with the entropic force. 



3 Discussions 

We have obtained the entropic force in the presence of the Schwarzschild black hole 
by using the local equipartition rule and the holographic principle on the screen. In 
this case, the local energy El together with the entropy Ss on the screen was mainly 
used to derive the entropic force. When using the local (Tolman) temperature and the 
Bekenstein-Hawking entropy for the Schwarzschild black hole, we have failed to arrive at 
the Newtonian force law. At this stage, it is not clear why the latter approach is not 
suitable for deriving the entropic force. 
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